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Abstract 
 
The Green Swamp Preserve is a large geographic area that has sustained many changes since 
Europeans settled in Florida. There has been little published research on the impacts of 
anthropogenic activity on this system. This thesis research seeks to document more recent changes 
in the Green Swamp and to evaluate the effects of various human activities on the system. The 
study period is from 1985 to 2015. For this time period changes in land use and landcover were 
examined using neural network classifications. Changes in vegetation health were evaluated by 
examining Normalized Difference Vegetation Index (NDVI) and Green Vegetation Index 
differences. Field site visits were made to document current conditions at thirty sample locations 
within the study area. Changes in land use and landcover and vegetation health were evaluated in 
relation to anthropogenic activities such as proximity to pollution sources, conservation lands and 
restoration sites. Statistical analysis was conducted to determine if statistically significant 
clustering occurred in these changes and if present geographically weighted regressions were 
performed to determine if a significant spatial relationship existed between the clustering and the 
various human activities. WAP data showed an overall decline in wetland health at the assessment 
sites and showed a trend of lower wetland health at sites within 2 Km of pollution sources, 
specifically petroleum tank contamination sites and state roads. The statistically significant 
clustering identified in land use landcover changes from 1985 to 2015 were in relation to changes 
from field, forested and wetland landcover types to built environments. Spatial relationships were 
identified between the proximity of petroleum tank contamination sites, state roads and solid waste 
facilities and clustering of NDVI decreases from 1985 to 2015. NDVI increases in the study area 
vii 
 
from 1985 to 2015 also showed statistically significant clustering in relation to conservation lands 
and lands purchased by the Southwest Florida Water Management District for environmental 
protection. These preliminary findings suggest that human activities may have influenced changes 
in the health of the Green Swamp. Further, more extensive research is suggested to confirm these 
findings. 
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Chapter One: Introduction 
 
The Green Swamp is vitally important to Florida’s water supply.  It is the headwater of four major 
rivers, the Withlacoochee, Hillsborough, Peace and Ocklawaha, which provide drinking water and 
water for agricultural and industrial activities in the State. Because the Floridan aquifer is very 
close to the surface in the Green Swamp area of Florida, the area is vulnerable to groundwater 
pollution.  
Most of the area surrounding the Green Swamp to the north, east and south of the preserve are 
sparsely populated rural tracts. However, immediately to the west of the Green Swamp Preserve 
lie the cities of Dade City and Zephyrhills. In both these small cities there is industrial and 
commercial activity that may introduce anthropogenic stressors into the Green Swamp ecosystem. 
Historically, there has been a great deal of alteration to the Green Swamp from phosphate mining, 
logging, agriculture, ranching and channelization of the Withlacoochee River (Southwest Florida 
Water Management District, 2001).There has been very little published research on the health of 
the Green Swamp or on the effects of anthropogenic activity on the Green Swamp’s ecosystem. 
This study seeks to examine potential sources of anthropogenic stress and the effects 
anthropogenic activity on the health of the Green Swamp ecosystem. Changes in ecosystem health 
were evaluated by assessing landcover changes, changes in vegetation spectral signatures, water 
sample data and Wetland Assessment Procedure data. Data collected during field research 
throughout the study area were used to determine the current conditions, distribution of plant 
species, signs of environmental degradation and the presence animal species at thirty sites within 
the study area. 
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1.1 Pollution Sources 
According to the Water Quality Assessment Report: Withlacoochee, published by the Florida 
Department of Environmental Protection (Singleton et al, 2006), historically much of the 
Withlacoochee River has periods of low dissolved oxygen (DO) during high flow because of 
swamp drainage. The Dade City Canal has been polluted by agricultural runoff and orange-
processing operations. The Little Withlacoochee is affected by agriculture, silviculture, and near 
its confluence with the Withlacoochee, residential and septic tank runoff. The Southwest Florida 
Water Management District (SWFWMD) has received anecdotal accounts that septage and sludge 
are being dumped in the Green Swamp. The ground water in southeastern Pasco County is enriched 
in nitrate, much of it from inorganic fertilizers. There are both potential point sources and non- 
point sources of pollution in and around the study area. Data source GIS layers retrieved from the 
Florida Department of Environmental Protection show point sources include; 23 industrial 
facilities requiring an NPDES storm water general permit, 63 commercial entities such as dry 
cleaners, gas stations and fertilizer companies that are DEP cleanup sites, 25 solid waste facilities, 
17 commercial and industrial entities such as Walmart, automotive shops and fertilizer companies 
that are small quantity generators of hazardous waste, 3 large quantity generators of hazardous 
waste and contamination from 339 underground petroleum tanks. Non-point sources include 
numerous active and inactive mines, many in the Green Swamp as well as stormwater and other 
pollutants from the roads that run through the study area. Invasive exotic species such as water 
hyacinth, water lettuce, hydrilla and floating tussocks have been documented. There has also been 
mercury documented in fish tissue in the Withlacoochee River, near the Green Swamp (Singleton 
et al., 2006).   
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There are numerous potential sources for anthropogenic stress in and near the Dade City area. The 
Dade City Business Center has its own water treatment facility; however, the Dade City Canal, 
which is the water body into which the Business Center discharges its water, has been listed as an 
impaired water body by the Florida Department of Environmental Protection since 2007. Figure 
1.1, shows the Green Swamp Preserve study area and the possible pollution sources. 
 
Figure 1.1- Potential pollution sources in and near study area. 
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1.2 Conservation and Restoration  
A large portion of the Green Swamp is now protected. Portions of the Green Swamp were 
designated as an Area of Critical State Concern by the Florida Legislature in 1974. This program 
created by the Florida Environmental Land and Water Management Act of 1972, protects 
resources deemed to be of major significance from uncontrolled development. (Florida Statutes, 
2016). SWFWMD purchased 445.15 Km2 of the Green Swamp, which along with other publicly 
owned land, creates 700.10 Km2 of protected land area. Additionally, SWFWMD has purchased 
conservation easements of 24.28 Km2 of privately owned land adjacent to the public land 
(Southwest Florida Water Management District, 2014). Figure 1.2 below shows the SWFWMD 
owned lands, conservation lands, the area designated as of Critical State Concern and the sites of 
SWFWMD restoration projects within the study area. 34.34% of the study area is within the State 
of Florida Area of Critical State Concern. The SWFWMD owned lands, purchased for the purpose 
of protecting the natural resources of the Green Swamp are 40.15% of the study area. 
There have been restoration efforts conducted by SWFWMD to mitigate anthropogenic activity 
within the study area. Table 1.1 provides a summary of these efforts by type. There have been 
twenty-nine projects with a total of 12.40 Km2 (3063.11 acres) of the Green Swamp have been 
restored to date by these efforts. 
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Table 1.1 Southwest Florida Water Management District Restoration Sites 
YEAR RESTORATION TYPE RESTORED ACRES COMMUNITY 
1999 SCRUB HYDROAX 0.55799536 Scrub 
1999 SCRUB HYDROAX 26.72512589 Scrub 
1999 SCRUB HYDROAX 10.74505796 Scrub 
2001 SANDHILL SEEDING OF NATIVE GRASSES AND HERBS 48.95372963 Sandhill 
1998 FLATWOODS REFORESTATION AND STRUCTURE 
REMOVAL 
75.9045182 Pine flatwoods 
1994 FLATWOODS RESTORATION AND STRUCTURE REMOVAL 22.93775649 Pine flatwoods 
1993 LONGLEAF PINE PLANTING 684.4088198 Pine flatwoods 
2002 SANDHILL OAK REDUCTION 122.6313328 Sandhill 
1993 Bulldoze eucalyptus tree plantation 56.08742581 
 
2002 Sandhill seeding of native grasses and herbs 67.71504621 Sandhill 
2001 Hardwood reduction 319.2582759 Sandhill 
2004 Sandhill seeding of native grasses and herbs 77.9483778 Sandhill 
2005 Seeding of Sandhill grasses and forbs 60.49633589 Sandhill 
2005 Seeding of Sandhill grasses and forbs -42.5975187 Sandhill 
2003 Hardwood reduction via hydroax 158.1451238 Sandhill 
2004 Hardwood reduction via hydroax -11.62220222 Sandhill 
2004 Hardwood reduction via hydroax 10.00620448 Sandhill 
2001 Ditch fill and supplemental planting 274.8206409 Depression marsh 
2000 Restoration of hydrology 44.13669384 Basin swamp 
1992 Removal of off-site slash  149.9173395 Pine flatwoods 
1992 Installation of longleaf pine 232.617102 Pine flatwoods 
2001 Removal of off-site slash pine 54.88576341 Pine flatwoods 
2005 Hardwood reduction to encourage grasses 227.5654011 Sandhill 
2003 Seeding of Sandhill vegetation 6.45083847 Sandhill 
2003 Seeding of Sandhill vegetation -3.84681263 Sandhill 
2004 Removal of fill and obstructions in floodplain 0.13698066 River floodplain 
1993 DEP Compliance Order 5.22265077 
 
2008 Hardwood reduction via Browns tree cutter 78.17678348 Sandhill & scrubby 
flatwoods 
2009 Ditch fill 188.5905852 
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Figure 1.2 Conservation and restoration activities within the study area. 
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Chapter Two: Literature Review 
 
2.1 Land Use Land Cover Change 
 
In order to accomplish the stated research objectives of this study, it was first necessary to 
determine what changes have occurred within the study area over the study period of 1985 to 2015. 
Methods to determine wetland land use land cover (LULC) changes have been outlined by Chen 
et al. (2014) and Martínez-López et al. (2014). Chen et al. (2014) evaluated the use of Moderate 
Resolution Imaging Spectroradiometer (MODIS) 250-m maximum value composite (MVC) 
vegetation indices (VIs) for monitoring of long-term dynamics detection of wetland-related LULC 
changes in wetland areas of Poyang Lake, in China.  Martínez-López, et al. (2014) found that the 
use of an improved procedure of supervised image classification that uses several spectral indices 
provided superior results compared to standard methods. They calculated four spectral indices for 
Landsat image classification for delineation of watershed areas and  assessment of land use 
changes. They used a maximum likelihood classifer to create LULC maps for both years of their 
study from the input data of the indices and shape/patch map (Martínez-López et al., 2014).    
Rebelo et al. (2009) suggested that spatial distribution of  dominant wetland types can be classified 
from Landsat Thematic Mapper (TM) and Advanced Spaceborne Thermal Emission and 
Reflection Radiometer (ASTER) data using a decision tree classifier and a series of binary decision 
rules, which would allow multistage classifications to be performed.This approach makes it 
possible for data sets with varying  spatial resolutions and  ancillary data to be used together during 
the classification process (Rebelo et al., 2009). Post classification change detection techniques 
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have been utlized to evaluate LULC changes by using separately classified multi temporal images 
(Chen and Wang , 2010).  
2.2 Evaluating Vegetation Health 
 
For this current study, it was also necessary to make determinations regarding the changes in health 
and vigor of vegetation within the study area. Lane et al. (2014) stated that the red-edge band has 
also been shown to be useful for identifying vegetative condition, and has been shown to reveal 
the difference between healthy trees and those impacted by disease or pollution (Lane et al., 2014). 
Cho et al. (2012) also analyzed shifts in the red edge slope to determine changes in forest health, 
citing that low leaf chlorophyll concentrations cause shifts of the red edge slope towards shorter 
wavelengths.   Methods of vegetation sampling and mapping of the health of wetland vegetation 
have also been discussed by Keim et al. (2013), Shuman and Ambrose (2003), Arieira et al. (2011), 
Klemas (2011) and Adam et al. (2010). Keim et al. (2013) evaluated the use of multi-temporal 
reflectance classification for delineation of vigorous and stressed vegetation within regions of 
forested wetlands in coastal Louisiana. In this study, Landsat TM data were utilized to develop a 
classification scheme based on an ordination of multitemporal reflectance. In the results of this 
study it was found that this classification method performed  well for the separation of undegraded 
and degraded baldcypress-tupelo wetlands forest, but not as well for delineating these areas from 
transitional conditions (Keim et al., 2013). Shuman and Ambrose (2003) compared the use of 
randomized quadrat sampling and spatially intensive line intercept sampling with remote sensing 
analysis of high resolution color and color infrared aerial photographs of wetalnds in Ventura 
County, California, to determine the accuracy and efficiency of vegetation sampling associated 
with each method. GPS coordinates of quadrat markers were taken to locate the quadrat areas on 
the aerial photos. They found that the quadrat method produced significantly lower estimates than 
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the line intercept method for percent of substrate cover. These ground based methods did provide 
detailed information on species distribution and density (Shuman and Ambrose, 2003). Arieira et 
al. (2011) used cluster analysis, universal kriging and error propagation modeling in order to 
process remote sensing and field sampling data for mapping and evaluating wetland vegetation.  
Vegetation was classified at locations within the study area by measuring structural and floristic 
attributes of different vegetation layers such as herbaceous, tree, shrub and vines, and combining 
this data with that of remote sensing images and DEM data. Their study provides a demonstration 
of  efficient methods to map and understand spatio-temporal patterns of wetland vegetation by 
integrating field data and remotely sensed data through geostatistical methods. They also 
demonstrated how to identify possible causes of uncertainties in the developed map (Arieira et al., 
2011).  
Klemas (2011) suggested that changes in vegetation health can be determined by comparing 
multitemporal images of the area to be studied, taken from the same time of year and sun angle 
and analyzing the images using a single index to identify changes in the spectral signature of each 
pixel of the images. He suggests that the Normalized DifferenceVegetation Index (NDVI) can be 
used to determine changes in vegetation health and vigor because it can be related to plant biomass 
or stress, since the near-infrared reflectance depends on the abundance of plant tissue and the red 
reflectance indicates the surface condition of the plant (Klemas, 2011). However, other researchers  
suggest using the NDVI along with several other vegetation indices to assess Landsat images to 
determine changes in vegetation health over time (Potter 2016, Wang et al., 2007, Pontius, 2014). 
Adam et al. (2010) provided a review of the combined use of hyperspectral and multispectral 
remote sensing in discriminating wetland vegetation and estimating the biophysical and 
biochemical properties of wetland vegetation. They argued that because of the similar reflectance 
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spectra of wetland vegetation and the small scale of vegetation communites, the analysis of 
multispectral data would only be useful to identify general vegetation classes.  Analysis of 
hyperspectral data would be useful to map wetland vegetation at the species level, because the 
narrow spectral bands of these data make it possible to detect and map the spatial heterogeneity of 
wetland vegetation. The authors also discussed the ability to detect vegetation stress by analyzing 
the red reflectance of the vegetation being studied, as red reflectance increases with leaf water 
stress because of a reduction in chlorophyll concentration  (Adam et al., 2010).  
Peng et al. (2007) evaluates the study of ecosystem health from a regional scale perspecitve. They 
argued that evaluating ecosystem health at the landscape/regional scale can link health issues at 
the macro and micro scales. The authors suggested that an the integrated indicator model can be 
used to evaluate the changes in ecosystem health through the transverse and longitudinal 
comparison of temporal and spatial sequences (Peng et al., 2007) .   
In order to determine changes in vegetation health in relation to pollution sources, researchers 
examinined vegetation changes within specified distances from pollution sources. Arellano et al. 
(2015) examined vegetation stress in relation to crude oil contamination by sampling areas located 
between 400 and 1250 m from known oil contamination. In their research on the effects of 
underground petroleum tank contamination on human health, Wilson et al. (2013) used 0.5, 1.0, 
and 5.0 kilometer buffer distances in for their analysis. 
2.3 Evaluating Bio-Physical and Bio-Chemical Parameters 
 
Bendell-Young et al. (2000)  and Angeler and García (2005) discussed methods of determining 
the biophysical and biochemical indicators of anthropogenic stress on wetlands. Bendell-Young et 
al. (2000), compared data on benthic macroinvertebrate community structure, chironomid density 
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and biomass, the incidence of chironomid mentum deformities, the mutagenetic potential of 
sediment-dwelling chironomids, growth and photosynthetic rate for  Typha latifolia (cattail), and 
fish acute lethality and stress response measured by changes in blood chemistry, for effluent 
impacted wetlands and unimpacted wetlands in Alberta Canada. The authors found that sensitivity 
of benthic macroinvertebrate community structure and changes in fish blood chemistry are 
sensitive indicators of  anthropogenic stress (Bendell -Young et al., 2000). Angeler and García 
(2005) suggested that anthropogenic physical or chemical stressors may disrupt the process of 
emergence of dormant plant seeds and invertebrate eggs (seed or propagule banks) from wetland 
soils. According to the authors, hydrological disturbance, O2 concentrations, light availability, 
nutrients, salinity, pH, and turbidity all play a role in the emergence process. In order to determine 
if changes in emergence patterns are occurring, reference conditions are necessary. Reduced 
emergence rates or the failure of seeds or propagules of indigenous wetland species to emerge, 
reflect anthropogenic stress and can be used as an indicator of anthropogenic stress in wetlands 
(Angeler and García, 2005). 
2.4 Statistical Analysis  
 
Hot spot analysis has been used to evaluate spatial autocorrelation of spatial clustering of orchard 
tree data, distribution of forest species and the detection of space/time pattern distribution of forest 
fires (Peeters et al., 2015, Noce et al.,2016, Vega et al., 2012). These authors suggested that cluster 
analysis combined with other statistical analysis can identify the locations of statistically 
significant clustering of conditions within a given geographic area. Geographically weighted 
regressions are one of the other statistical analyses used to determine the relationship between 
features in the environment and conditions such as LULC change and changes in vegetation health. 
Geographically weighted regressions have been used to determine correlations between 
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topography and vegetation (Nelson et al., 2007) and LULC changes in relation to variables such 
as distance to water, distance to residential structures, income potential and population potential 
(Okwuashi and  Ikediashi , 2014). 
2.5 Remote Sensing for Use as Documentation to Support Policy Changes 
 
The goal of this study is to determine how anthropogenic activities are effecting the Green Swamp 
ecosystem and to identify areas where mitigation to correct any adverse effects may need to be 
developed. Policy changes may need to be enacted in order to have a mitigation plan adopted. 
Mayer and Lopez  (2011) suggested using remote sensing to support forest and wetlands policy 
changes in the USA. The authors stated that remote sensing data have been used to assess the loss 
of wetland area and to assess the loss of wetland functions and services in the United States. These 
data provide information on wetland conditions, such as vegetation community characteristics, 
hydrologic regimes, and soil conditions that can be used to influence policy decisions. At the 
regional scale, a combination of field measurements and airborne or satellite based remote sensing 
data, such as that retrieved from multispectral scanners, such as Landsat, Satellite Pour 
l’Observation de la Terre (SPOT), and ASTER, has focused on issues such as wetland change and 
vegetation stress and can be used to provide verification of these changes within the environment 
(Mayer and Lopez, 2011). 
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Chapter Three: Research Objectives 
 
 It is the objective of this study to identify recent sources of anthropogenic stress within the Green 
Swamp Preserve ecosystem and to determine if anthropogenic activities are affecting the health of 
the Green Swamp ecosystem, in order to be able to assess stressor-response relationships.  
The research questions addressed are: 
 What changes have occurred within the ecosystem of the Green Swamp between 1985 and 
2015?  
 
 Is there a relationship between changes in the health of the Green Swamp ecosystem and 
identified sources of anthropogenic activity?  
 
In order to meet these objectives and answer these questions, it was necessary to: (1) identify 
potential sources of anthropogenic activity in and near the study area, (2) use remote sensing and 
GIS analyses to determine land cover and vegetation health changes, (3) document current 
conditions. 
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Chapter Four: Study Area 
 
The Green Swamp is located in West Central Florida and includes portions of Polk, Lake, Sumter, 
Pasco, and Hernando counties. The Green Swamp lies within the Withlacoochee River Watershed. 
The study area for the research on the Green Swamp extends from an approximate latitude of 28° 
34’50.679”N to the north, to a latitude of 28° 10’38.154” N in the south and from a longitude of 
82° 11” 30.708”W in the west to a longitude of 81° 49´31.535” W to the east. The elevation within 
the study area varies from approximately 21.34 to 40.23 meters above mean sea level. This area 
of Florida is sub-tropical, with distinct dry and rainy seasons.  
The Green Swamp region contains 2266 km2 of wetlands and flatlands. Rainwater draining into 
the Green Swamp creates the headwaters of the Withlacoochee, Ocklawaha, Hillsborough and the 
Peace rivers. The Green Swamp area also provides recharge for the Floridan aquifer system. The 
Green Swamp potentiometric high rises up to 40.23 meters above mean sea level near Polk City, 
providing underground pressure for free-flowing springs, the base flow of the rivers, and 
hydrologic support for many lakes, ponds, seeps, and wetlands. The groundwater pressure of the 
Green Swamp supplies water to the majority of Florida's population and also prevents salt-water 
intrusion into the aquifer (Southwest Florida Water Management District, 2014). Figure 4.1, shows 
the study area and its location in the state of Florida.  
15 
 
 
Figure 4.1 -Study Area and location in Florida 
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Chapter Five: Data Sets/Sources 
 
All data sets and sources used in this research project are listed below. Where possible, originator, 
creation date, data type and contact information for each data source have been provided. 
1984 NHAP 1.5 M Color Infrared Aerial Photography – Originator:  Southwest Florida 
Water Management District. Publication Date: 11-24-2014 Data Type: Mosaic Dataset. 
Presentation format: digital map. Retrieved from SWFWMD Database: 
\\gisimgvmprod02\ImageServer\MosaicDatasets\1984\Imagery_1984.gdb  
1994 1M Color Infrared Digital Orthophoto  – Originator: Southwest Florida Water 
Management District. Publication Date: 11-6-2014 Data Type: Mosaic Dataset. Presentation 
format: digital map. Retrieved from SWFWMD Database: 
\\gisimgvmprod02\ImageServer\MosaicDatasets\1994\Imagery_1994.gdbbase  
 2005 1M Natural Color Imagery – Originator: Southwest Florida Water Management District. 
Publication Date: 11-17-2014 Data Type: Mosaic Dataset. Presentation format: digital map. 
Retrieved from SWFWMD Database: 
\\gisimgvmprod02\ImageServer\MosaicDatasets\2005\Imagery_2005.gdb   
2015 1-Meter Imagery– Originator: USDA. Publication Date: 11-17-2014 Data Type: ArcGIS 
Image Service. Presentation format: digital map. Retrieved from URL: 
https://gis.apfo.usda.gov/arcgis/services/NAIP/Florida_2015_1m/ImageServer  
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Green Swamp Area of Critical State Concern - Originator: SWFWMD and SJRWMD 
Publication Date: 2-26-2010.  Publication Time: 8:00am. Geospatial Data Presentation Form: 
vector digital data. Publication Information: Publication Place and Publisher: SWFWMD. 
Wetland Assessment Procedure- Originator: SWFWMD.  Publication Date: 1-30-2008. (Data 
updated annually). Geospatial Data Presentation Form: vector digital data. Information: 
Publication; Place: Brooksville, Florida. Publisher: Southwest Florida Water Management 
District. Other Citation Details: Additional Information: 1-352- 796-7211. 
DEP Cleanup Sites - Originator:  Florida Department of Environmental Protection Publication 
Date: 10-10-2009. Geospatial Data Presentation Form: vector digital data. Publication 
Information: Publication; Place: Tallahassee, Florida. Publisher: Florida Department of 
Environmental Protection. Other Citation Details: Additional Information: 1-866-282-0787 
http://ca.dep.state.fl.us/mapdirect?focus=dataportal&topics=*CLEANUP_SITES_SP   
http://publicfiles.dep.state.fl.us/otis/gis/data/CLEANUP_SITES_SP.zip  
Solid Waste Facilities - Originator: Florida Department of Environmental Protection Publication 
Date: 10-19-2007. Geospatial Data Presentation Form: vector digital data. Publication 
Information: Publication; Place: Tallahassee, Florida. Publisher: Florida Department of 
Environmental Protection. Other Citation Details: Additional Information: 850-245-8758 
http://publicfiles.dep.state.fl.us/otis/gis/data/WASTE_TEST_PT_SP.zip  
Registered Tanks from STCM - Originator: Florida Department of Environmental Protection 
Publication Date: 12-19-2013. Geospatial Data Presentation Form: vector digital data. Publication 
Information; Publication Place: Tallahassee, Florida. Publisher: Florida Department of 
Environmental Protection. Other Citation Details: Additional Information: 850-245-8799. 
http://publicfiles.dep.state.fl.us/otis/gis/data/STCM_ALL_REG_SP.zip  
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NPDES Stormwater Facilities and Activities - Originator: Florida Department of Environmental 
Protection Publication Date: 5-11-2006. Geospatial Data Presentation Form: vector digital data. 
Publication Information; Publication Place: Tallahassee, Florida. Publisher: Florida Department 
of Environmental Protection. Other Citation Details: Additional Information: 850-245-7520. 
http://ca.dep.state.fl.us/mapdirect?focus=dataportal&topics=*WAFR_STW_IMS_SP  
http://publicfiles.dep.state.fl.us/otis/gis/data/WAFR_STW_IMS_SP.zip  
 
 
Large Quantity Generators of Hazardous Waste - Originator: Florida Department of 
Environmental Protection Publication Date: 7-7-1999. Geospatial Data Presentation Form: vector 
digital data. Publication Information; Publication Place: Tallahassee, Florida. Publisher: Florida 
Department of Environmental Protection. Other Citation Details: Additional Information: 850- 
245-8758. 
http://publicfiles.dep.state.fl.us/otis/gis/data/LQGS_IMS_SP.zip  
Small Quantity Generators of Hazardous Waste - Originator: Florida Department of 
Environmental Protection Publication Date: 7-7-1999. Geospatial Data Presentation Form: vector 
digital data. Publication Information; Publication Place: Tallahassee, Florida. Publisher: Florida 
Department of Environmental Protection. Other Citation Details: Additional Information: 850- 
245-8758. 
U.S. Highways – Originator- Florida Department of Transportation, Transportation Statistics 
Office (TRANSTAT) Publication Date: 5-14-2007. Geospatial Data Presentation Form: vector 
digital data. Publication Information; Publication Place: Tallahassee, Florida. Publisher: Florida 
Department of Transportation. Other Citation Details: Additional Information 850- 414-4848. 
ftp://ftp.dot.state.fl.us/fdot/co/planning/transtat/gis/shapefiles/us_roads.zip 
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State Roads – Originator- Florida Department of Transportation, Transportation Statistics Office 
(TRANSTAT) Publication Date: 5-14-2007. Geospatial Data Presentation Form: vector digital 
data. Publication Information; Publication Place: Tallahassee, Florida. Publisher: Florida 
Department of Transportation. Other Citation Details: Additional Information 850- 414-4848. 
ftp://ftp.dot.state.fl.us/fdot/co/planning/transtat/gis/shapefiles/state_roads.zip  
Spectral Library Information - Water 
Name: Coast sea water, Type: Water ,Class: Coast Sea Water,   Particle Size: Liquid File Name: 
seawater.doc, Owner: ASTER, Wavelength Range: Visible, NIR, Origin: ASTER. Original 
filename SEAWATER. Description: Open sea water, Measurement: Directional (10 Degree) 
Hemispherical Reflectance ,First Column: X, Second Column: Y, X Units: Wavelength 
(micrometers)Y Units: Reflectance , First X Value: 0.205100 
 Spectral Library Information-Quartz 
Name: Quartz Milky TS-1D, Type: Quartz, Class: Quartz, Particle Size: Solid, Owner: JPL, 
Wavelength Range: Visible, NIR, Origin: JPL, Description: Quartz Milky TS-1D.,Measurement: 
Directional (10 Degree) Hemispherical Reflectance, First Column: X, Second Column: Y, X Units: 
Wavelength (micrometers),Y Units: Reflectance ,First X Value: 0.400000, Last X, 
Value:2.500000, Number of X Values: 826 
 Remote Sensing Analysis - satellite images were acquired from the U.S. Geological Survey 
website. The data retrieved are Landsat TM images of path 16 row 40 for February or March of 
the years 1985, 1995, 2005 and Landsat 8 OLI images of  2015, which have from 0% to 10% cloud 
cover. Where 0% cloud cover images were not available, images with little or no cloud cover in 
the study area have been selected. The images were edited to include only the study area by 
creating a spatial subset of the study area by selecting this area from the February 1985 image and 
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then using this subset image as the file to create a subset image for all other images within the 
study period used in this analysis.  
Ground Truth 
Field visits to site locations were conducted to visually examine site conditions for soil; hydrologic 
indicators (water or evidence of inundation); appearance of vegetation health; and plant species 
distribution. Vegetation types at selected sample locations were identified. Water lines on trees 
were measured. Animal and insect species observed were documented. Current land use and land 
cover was identified.  
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Chapter Six: Methodology 
 
6.1 Field Research 
Sample sites within the study area were chosen by placing a grid over an image of the study area 
to divide the area into 30 equal sections and data was collected from the center of each grid. Figure 
6.1 shows the suggested sample site locations based on this method. Differences in suggested sites 
and actual sample site locations were due to access issues. Some of the suggested sites were on 
gated private property or at the center of large tracks of land that were privately owned. A 30 x 30 
meter plot, which matches Landsat TM pixel size, was created for each sample site location. The 
latitude and longitude of each plot was documented using a Garmin GPS unit. X, Y coordinate 
data were collected from the center of the plot, the north and south edge of the center and from the 
northeast, northwest, southeast and southwest corner of each plot. Each sample site was separated 
into four 15 x 15 meter quadrats. For each quadrat the type of plant, animal and insect species 
present were documented; a soil core sample was collected from the center point of each plot and 
photographed; soil conditions were documented; the presence of water or evidence of past 
inundation such as water marks on trees was documented; evidence of degradation was 
documented such as tree falls. Photographs were taken of each quadrat to document habitat type, 
species distribution and vegetation health. These data were summarized for each plot. Summarized 
data was tabulated in an excel spreadsheet and converted to a shapefile.  
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Figure 6.1 Suggested sample site locations 
 
 
Wetland Assessment Procedure (WAP) data from 2005 to 2015 for the study area obtained from 
the SWFWMD were analyzed to determine changes in wetland health. WAP data provides a 
scoring of wetland health based on the presence and absence of plant species, observed vegetation 
condition, presence of dead or leaning trees, evidence of soil subsidence, evidence of inundation 
and water levels. Scores of 1 to 5 are given to wetland edge, deep and outer deep zones (Southwest 
Florida Water Management District, 2005). For this project scores were averaged by year and by 
site.  
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6.2 Remote Sensing Analysis 
Satellite images of the Green Swamp and surrounding area were obtained in ten year increments 
from 1985 until 2015. These images were analyzed using ENVI 5.3 remote sensing software to 
determine changes in LULC, vegetation abundance and health within the Green Swamp over the 
study period. The field data collected from the sample sites were used for training and validation 
of the remote sensing analysis and to provide additional data on the sites. 
6.2.1 Pre-Processing  
 
Radiometric correction was conducted from TM band brightness values to reflectance through 
Empirical Line Calibration, using spectral library data for the 1985, 1995 and 2005 images. The 
2015 image was corrected using the ENVI 5.3 log residuals tool for radiometric calibration to 
reflectance. The Log Residuals tool removes solar irradiance, transmittance, instrument gain, 
topographic effects, and albedo effects from radiance data (Harris Geospatial Solutions, 2017). 
A spatial subset of each image of the study area was created by selecting the study area from the 
February 1985 image for a spatial subset and then using this subset image as the file from which 
to create a spatial subset of the study area for all the acquired Landsat TM and OLI images, in 
order to remove extraneous data from the images. A nearest neighbor re-sampling was selected for 
resizing of the images. 
6.2.2 Classification 
 
Several classification techniques were assessed for this research project including; a maximum 
likelihood supervised classification, an ISO Data unsupervised classification and an artificial 
neural network supervised classification.  The artificial neural network supervised classification 
produced the highest accuracy assessments and was chosen for use in this project.  The land cover 
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of processed images was classified using the artificial neural network supervised classification. 
The following classes were created for the classification- wetland, water, forested/upland, 
field/pasture and urban/built. Regions of interest (ROI) were generated by choosing a minimum of 
nine training sites for each of the classes and confirmed based on historic aerial photos from 1984, 
1994, 2005, 2015 and from observations made during field visits to thirty sample site locations in 
the study area in 2016. Each image was classified using the following training parameters: Logistic 
Activation, Training Threshold Contribution 0.9, Training Rate 0.2, Training Momentum 0.9, 
Training RMS Exit Criteria 0.1, number of hidden layers 1, Number of Training Iterations 1000.  
A confusion matrix accuracy assessment for the classifications was generated using new sets of 
ROI data, with a minimum of four sites for each class. These sites were chosen as to represent only 
pixels that were not used for the classification ROIs and were confirmed based on the aerial photos, 
field observations cited above and knowledge of the study area. The percentage of land cover types 
for 1985, 1995, 2005 and 2015 were compared to determine what changes occurred between these 
years in the study area.  
6.2.3 Vegetation Indices 
 
Two vegetation indices were utilized to evaluate changes in biomass and vegetation vigor within 
the study area.  
6.2.3.1 Normalized Difference Vegetation Index (NDVI)  
 
The NDVI index can be used as a measurement of healthy, green vegetation, where, NIR and Red 
represent the reflectance of the NIR band (TM band 4) and the Red band (TM band 3), respectively. 
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The combination of a normalized difference formulation and the highest absorption and reflectance 
regions of chlorophyll make this index useful for a variety of conditions. It can, however, saturate 
in dense vegetation conditions when LAI becomes high. The value of this index ranges from -1 to 
1. The common range for green vegetation is 0.2 to 0.8 (Rouse et al., 1973). In the visible range 
chlorophyll absorbs light (from 0.4 to 0.7 µm). The cell structure of the leaves, however, reflect 
near-infrared light (from 0.7 to 1.1 µm). The NDVI measures the amount of light being reflected 
and thus can be an indicator of vegetation density and health. 
6.2.3.2 Tasseled Cap Transform 
The Tasseled Cap transform performs an orthogonal transformation of the original data into a new 
four-dimensional space. For Landsat TM data this consists of the soil brightness index (SBI), the 
green vegetation index (GVI) and a third component that is related to soil features, including 
moisture status. (Huang et al., 2002). 
Green Vegetation Index (GVI) 
 
This index minimizes the effects of background soil while emphasizing green vegetation. It uses 
global coefficients that weigh the pixel values to generate new transformed bands. It is also known 
as the Landsat TM Tasseled Cap green vegetation index. Values range from -1 to 1. 
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6.2.4Change Detection 
 
The ENVI 5.3 Change Detection Statistics tool was used to produce statistics to compare landcover 
changes from 1985 to 1995, 1995 to 2005, 2005 to 2015 and 1985 to 2015. The changes detected 
using this tool differ from a simple differencing of the two images. The statistics report includes a 
class-for-class image difference. However the tool also analyzes the initial state classification 
changes; for each initial state class, the analysis identifies the classes into which those pixels 
changed in the final state image.  
The ENVI 5.3 Thematic Change Workflow Tool was used to compare landcover changes from 
1985 to 1995, 1995 to 2005, 2005 to 2015 and 1985 to 2015. Thematic change detection takes two 
classification images of the same scene at different times and identifies differences between them. 
The resulting classification image shows class transitions from one class to another. 
The ENVI 5.3 Change Detection Difference Map tool was used to create change difference maps 
for the NDVI and Tasseled Cap transform results to compare vegetation changes between 1985 
and 2015. For the Tasseled Cap results the band 2, Green Vegetation Index result was used. With 
this tool the difference is computed by subtracting the initial state image from the final state image 
and the classes are defined by change thresholds. For each set of vegetation indices evaluated, the 
tool parameters were set to 7 classes, Standardize to Unit Variance (Standardization = (DN - mean) 
/ stdev) and Percent Difference. The Percent Difference is the Simple Difference (which subtracts 
the initial state image from the final state image) divided by the initial state. 
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6.3 GIS Analysis 
GIS analysis using ESRI ArcMap 10.2.2 software was conducted. Vector polygons of 
classification images were exported from ENVI and converted to raster format. Maps of the 1985, 
1995, 2005 and 2015 land cover layers were created providing a map of land cover types with pie 
charts depicting the number of pixels per class for each image. 
Pollution source layers were clipped to include only the study area. Literature on research using 
buffer distances varied from the use of .4 Km to 5 Km buffers from pollution sources (Arellano et 
al., 2015, Wilson et al., 2013). For this project a two Km buffer was created around the site 
locations of the following known pollution sources; solid waste facilities, DEP cleanup sites, small 
generators of hazardous waste, large generators of hazardous waste, NPDES stormwater facilities, 
petroleum tank contamination, state roads and US highways. The thematic change vector layer for 
changes from 1985 to 2015 was dissolved and a new field combining the LULC changes between 
1985 and 2015 was created. This layer was clipped using the 2 Km buffers of each pollution source. 
The percentage of change type for the 2 Km area around each pollution source was calculated. 
This process was repeated for the NDVI change detection map to calculate the changes in 
vegetation health within 2 Km of each pollution source. 
6.4 Statistical Analysis 
Hot Spot Getis-Ord Gi statistical analyzes were performed to determine if changes in LULC and 
NDVI from 1985 to 2015 showed any statistically significant patterns of clustering.  Hot spot 
analysis can be used to determine whether features show a non- random pattern of clustering by 
examining z-scores and p-values. Z-scores are measures of standard deviation and p-values are 
probabilities based on standard normal distribution.  Confidence levels are determined by the z-
scores and p-values. For a 99% confidence level the z-score or standard deviation is beyond +/-
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2.58 and the p-value is 0.01. For a 95% confidence level the z-score is beyond +/- 1.96 and the p-
value is 0.05. Hot spots will have very low p-values, indicating that the probability of the clustering 
being random is very low. Cold spots will have higher p-values, indicating that the there is a 
probability that clustering is random.  
Geographically weighted regressions were performed using the LULC changes and NDVI changes 
maps to determine if there was any statically significant patterns between the identified hot spots 
of clustering and the locations of known pollution sources, to determine if there is any correlation 
between these variables. Clustering was also evaluated in relation to conservation activities within 
the study area. 
The data generated from the GIS analysis was used to compare the changes in LULC and NDVI 
vegetation health as well as sample site information, water quality site data and WAP site data to 
determine if any anomalous patterns were present. From these results a prediction was made as to 
whether the cause of any identified anomalies were due to anthropogenic activity. 
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Chapter Seven: Results 
 
7.1 Field Data 
 
The field data were collected from thirty 30/30 meter sample plots. The location of these plots is 
shown in Figure 7.1 below. Photos taken of the quadrats of each plot, photos of soil cores samples 
taken at each plot and the summarized data for each quadrat for the sample plots appear in 
Appendix A. Table 7.1 summaries the locations and observed landcover on the dates listed. Of the 
thirty sample plot locations eight of these plots were in areas that were classed as transitional, 
either transitioning from forested to wetland or from upland to wetland. 
 
Figure 7.1 Sample plot locations 
 
30 
 
 
Table 7.1 Location and Landcover Types for Sample Plots 
Site Date Longitude Latitude Landcover 
1 2/13/2016 -82.155 28.548 upland forested 
2 2/13/2016 -82.086 28.549 field, pasture 
3 3/5/2016 -82.017 28.540 wetland 
4 3/5/2016 -81.947 28.550 field, pasture 
5 4/9/2016 -81.864 28.551 orange grove 
6 2/13/2016 -82.152 28.476 wetland 
7 2/13/2016 -82.077 28.481 transitional upland-
scrub 
8 3/12/2016 -82.035 28.483 transitional forested 
9 3/5/2016 -81.933 28.474 transitional forested 
10 4/9/2016 -81.848 28.472 transitional upland 
11 2/20/2016 -82.135 28.407 wetland 
12 2/20/2016 -82.077 28.404 upland 
13 3/25/2016 -82.017 28.415 transitional forested 
14 3/25/2016 -81.931 28.414 scrub shrub 
15 4/9/2016 -81.851 28.414 field, pasture 
16 2/20/2016 -82.147 28.341 field, pasture 
17 2/20/2016 -82.081 28.341 upland 
18 3/25/2016 -82.014 28.347 transitional upland 
19 3/25/2016 -81.942 28.347 wetland 
20 4/9/2016 -81.868 28.332 upland 
21 2/27/2016 -82.160 28.288 field, pasture 
22 2/27/2016 -82.089 28.290 upland forested 
23 4/3/2016 -81.994 28.283 wetland 
24 4/3/2016 -81.942 28.280 upland forested 
25 4/9/2016 -81.842 28.272 transitional upland 
26 2/27/2016 -82.150 28.212 upland 
27 2/27/2016 -82.126 28.218 transitional forested 
28 4/3/2016 -82.004 28.213 upland forested 
29 4/3/2016 -81.923 28.214 field, pasture 
30 4/9/2016 -81.834 28.221 field, pasture 
 
The number of live and dead trees per site were documented. Figure 7.2 summarizes the number 
and species of dead trees within the sample plots for sites that contained dead trees. Site 1, had the 
highest number of dead trees (18 oaks). It should be noted that west of Site 1 just outside of the 
plot there were an additional eight dead oak trees. Site 7 had seven dead oaks and three dead pines. 
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Figure 7.2 Dead trees observed by site 
 
The highest water lines, moss lines and the tallest cypress knees were measured in the field for 
each quadrat within the sample plots. These values were averaged for the plot. Figure 7.3 
summarizes the height in inches of the average maximum height of the water lines, moss lines and 
knees for sites where these were present. Water lines, moss collars and cypress knee heights 
averaged between 25.4 to 83.82 centimeters from ground level at sites where these features were 
present. 
 
Figure 7.3 Water lines and knee heights by site 
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7.2 Wetland Assessment Procedure Results 
 
 There are nineteen WAP assessment sites within the study area for which data were collected from 
2005 to 2015. The zone scores for each site were averaged together by site. These averages were 
then combined to produce yearly averages for all sites within the study area and averages for the 
period of record for each site. The yearly average score for all sites combined, shows a decreasing 
trend from an average of 3.9 in 2005 to an average of 3.24 in 2015. The average scores of each site 
for the period of record show that six of the nineteen sites have an average score less than 3. Figure 
7.4 summarizes yearly WAP scores and Figure 7.5 summarizes WAP scores by site. 
 
 
Figure 7.4 Average WAP scores by year 
 
 
 
 
 
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
June-05 June-06 June-07 June-08 June-09 June-10 June-11 June-12 June-13 June-14 June-15
Average Groundcover Score Average Shrub Score Average Tree Score
33 
 
 
 
Figure 7.5 Average WAP scores by site 
 
 
 
 
Figure 7.6 shows the locations of WAP sites and the average score for each site. As can be seen in 
this figure, five of the sites with low average scores (less than 3) are clustered in the south east 
portion of the study area. This area is within 2 Km of numerous pollution sources. There is also a 
clustering of high WAP score sites. This clustering is within the SWFWMD lands and the Area of 
critical state concern. 
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Figure 7.6 WAP site locations 
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7.3 Classification 
 
The results of the confusion matrix accuracy assessments for each of the neural network 
classifications are summarized in Tables 7.2, 7.3, 7.4 7.5 below. The overall accuracies of the 
classifications ranged from 92.5 % for 2015, 92.2% for 1985, 85.5% for 1995 to 81.3% for 2005. 
The Kappa Coefficients ranged from 0.9041 for 2015, 0.8968 for 1985, 0.8110 for 1995 to 0.7649  
for 2005.  
Table 7.2 Neural Network Classification Confusion Matrix Accuracy Results -1985 
Class Percent 
Commission 
Percent 
Omission 
Percent 
Producer 
Accuracy 
Percent User 
Accuracy 
Wetland  1.71 0.00 100 98.29 
Forested  0.00 2.06 97.94 100 
Field/Pasture 18.46 11.48 88.52 81.54 
Water 0.00 0.00 100 100 
Built 8.21 13.27 86.73 91.79 
1985 Confusion Matrix results:  Overall Accuracy = (1982/2150) 92.1860%   Kappa Coefficient = 0.8968 
 
Table 7.3 Neural Network Classification Confusion Matrix Accuracy Results - 1995 
Class Percent 
Commission 
Percent 
Omission 
Percent 
Producer 
Accuracy 
Percent User 
Accuracy 
Wetland  10.78 0.00 100 89.22 
Forested  19.00 16.06 83.94 81.00 
Field/Pasture 26.17 13.90 86.10 73.83 
Water 0.00 23.78 76.22 100 
Built 9.56 19.79 80.21 90.44 
1995 Confusion Matrix results: Overall Accuracy = (1404/1642) 85.5055% Kappa Coefficient = 0.8110 
 
Table 7.4 Neural Network Classification Confusion Matrix Accuracy Results - 2005 
Class Percent 
Commission 
Percent 
Omission 
Percent 
Producer 
Accuracy 
Percent User 
Accuracy 
Wetland  23.32 5.41 94.59 76.68 
Forested  5.00 15.56 84.44 95.00 
Field/Pasture 26.67 3.14 96.86 73.33 
Water 3.81 44.35 55.65 96.19 
Built 10.42 28.57 71.43 89.58 
2005 Confusion Matrix results: Overall Accuracy = (1879/2296) 81.8380% Kappa Coefficient = 0.7649 
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Table 7.5Neural Network Classification Confusion Matrix Accuracy Results - 2015 
Class Percent 
Commission 
Percent 
Omission 
Percent 
Producer 
Accuracy 
Percent User 
Accuracy 
Wetland  1.97 4.05 95.95 98.03 
Forested  0.00 0.87 99.13 100 
Field/Pasture 3.69 23.48 76.52 96.31 
Water 10.34 1.62 98.38 89.66 
Built 24.82 4.08 95.92 75.18 
2015 Confusion Matrix results: Overall Accuracy = (1781/1926) 92.4714%   Kappa Coefficient = 0.9041 
 
The classification maps in Figure 7.7 a,b,c,d below include pie charts of the number of pixels the 
neural network classification assigned to each of the five classes for the years classified. Table 7.2 
provides a summary of these data. The classes are color coded as aqua for wetlands, green for 
forested, marron for field, blue for water and yellow for built.  
 
    
Figure 7.7 a) 1985 Classification map               Figure 7.7 b) 1995 Classification map 
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Figure 7.7 c) 2005 Classification map              Figure 7.7 d) 2015 Classification map 
 
 
Table 7.6 Summary of Neural Network Classification Pixel Counts by Year 
 
Class 
1985 
Pixel Count 
1995 
Pixel Count 
2005 
Pixel Count 
2015 
Pixel Count 
 
Wetland 
 
490,943 
 
754,014 
 
547,031 
 
555,770 
 
Forested 
 
448,715 
 
341,622 
 
476,386 
 
435,309 
 
Field/Pasture 
 
491,616 
 
471,025 
 
452,133 
 
246,973 
 
Water 
 
44,754 
 
35,983 
 
46,758 
 
137,754 
 
Built 
 
291,374 
 
164,758 
 
245,094 
 
391,596 
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7.4 Thematic Change Detection LULC 1985 to 2015 
 
Thematic change detection was used to determine LULC change by class within the study area. 
This information was used to evaluate the percent of each LULC change that occurred within 2 
kilometers of each identified pollution source and to compare the total area in square kilometers 
of LULC changes within the study area with the area in square kilometers of LULC changes within 
2 Km of each pollution source. The largest percentage of changes for all classes occurred within 2 
Km of petroleum tank contamination and state roads. The graphs in Figure 7.8 a through h below 
summarize the percent of LULC changes that occurred within 2 kilometers of each identified 
pollution source. The graph in Figure 7.9 compares the total area in square kilometers of LULC 
changes within the study area with the area in square kilometers of LULC changes within 2 Km 
of each pollution source. 
 
Figure 7.8  a) Percent of LULC changes within 2 Km of petroleum tanks  
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Figure 7.8 b) Percent of LULC changes within 2 Km of state roads 
 
 
Figure 7.8 c) Percent of LULC changes within 2 Km of U.S. Highways 
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Figure 7.8 d) Percent of LULC changes within 2 Km of DEP cleanup sites 
 
 
Figure 7.8 e) Percent of LULC changes within 2 Km of Solid Waste sites 
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Figure 7.8 f) Percent of LULC changes within 2 Km of NPDES sites 
 
 
Figure 7.8 g) Percent of LULC changes within 2 Km of Small quantity generators of 
hazardous waste 
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Figure 7.8 h) Percent of LULC changes within 2 Km of Large quantity generators of 
hazardous waste 
 
 
Figure 7.9 Area in Km2 of all LULC changes compared to LULC changes within 2 Km of 
pollution sources 
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7.5 Change Detection - LULC 
 
Change detection results for the Neural Network classification images were used to evaluate the 
percent of pixels assigned to these changes by class.   For LULC changes from 1985 to 2015 there 
was a 13.21% increase in the wetland class pixels, a 2.99% decrease in forested class pixels, 
49.76% decrease in field/pasture class pixels, a 207% increase in water class pixels and a 34.40% 
increase in built class pixels. Change detection results for the Neural Network images are 
summarized in Table 7.3. Positive numbers indicate an increase, negative numbers indicate a 
decrease in percentage of class pixels.  
 
 
Table 7.7 Change detection results for Neural Network images 
Class  Percent 
Difference 
 1985 to 1995 
Percent 
Difference  
1995 to 2005 
Percent 
Difference 
2005 to 2015 
Percent 
Difference 
1985 to 2015 
Wetland  53.59 -27.45 1.60 13.21 
Forested -23.87 39.45 -8.62 -2.99 
Field/pasture  -4.19 -4.01 -45.38 -49.76 
Water -19.60 29.95 194.61 207.80 
Built  -43.46 48.76 59.77 34.40 
 
 
 
7.6 Change Detection - Vegetation Indices 
 
7.6.1 Vegetation Indices Results 
 
The results for the NDVI Transform for all years are shown in Figure 7.10. The maximum digital 
number values for 1985, 1995, 2005 and 2015 were; 0.74, 0.77, 0.78 and 0.60 respectively. The 
maximum values fluctuated by no more than 0.04 for all but the last year in the study, when they 
maximum value for the study area decreased by 0.18.  Results for the NDVI and Tasseled Cap 
Transforms are tabulated in Table 7.8 and 7.9. 
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Figures 7.11 a,b,c,d below are the NDVI results images for 1985, 1995, 20005 and 2015. Figure 
7. 12 a,b,c,d are the Tasseled Cap Transform results for 1985, 1995, 2005 and 2015. For the 
Tasseled Cap Transform images the values are displayed as follows: Brightness =Red, Greenness 
= Green, Moisture= Blue. 
 
Figure 7.10 NDVI Results 
 
Table 7.8 NDVI Results 
NDVI 1985 1995 2005 2015 
Minimum 
DN 
 
-0.82 
 
-0.65 
 
-0.71 
 
-0.26 
Maximum 
DN 
 
0.74 
 
0.77 
 
0.78 
 
0.60 
 
Mean DN 
 
0.27 
 
0.34 
 
0.36 
 
0.25 
 
Std. dev 
 
0.12 
 
0.11 
 
0.12 
 
0.06 
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Table 7.9 Tasseled Cap Transform Results 
Tasseled Cap 1985 1995 2005 2015 
 
Minimum 
Brightness 
 
0.000168 
 
-0.069199 
 
-0.018556 
 
1.551157 
 
Minimum 
Greenness 
 
-0.270165 
 
-0.403660 
 
-0.358350 
 
-0.779631 
 
Minimum Soil 
Moisture 
 
-0.714380 
 
-1.687752 
 
-1.399064 
 
-4.234203 
 
Maximum 
Brightness 
 
2.293839 
 
3.669930 
 
4.072234 
 
5.919804 
 
Maximum 
Greenness 
 
0.769241 
 
1.206897 
 
1.125634 
 
0.919040 
 
Maximum Soil 
Moisture 
 
0.788550 
 
1.212615 
 
0.872607 
 
0.893213 
 
Mean  
Brightness 
 
0.498965 
 
0.528003 
 
0.542358 
 
2.291371 
 
Mean  
Greenness 
 
0.183968 
 
0.322042 
 
0.289025 
 
-0.015925 
 
Mean Soil 
Moisture 
 
-0.174808 
 
-0.136780 
 
-0.157212 
 
-0.151802 
 
Std. dev 
Brightness  
 
0.184871 
 
0.231827 
 
0.187003 
 
0.293572 
 
Std. dev 
Greenness 
 
0.062583 
 
0.096191 
 
0.077857 
 
0.105663 
 
Std. dev Soil 
Moisture 
 
0.100197 
 
0.085022 
 
0.092458 
 
0.172721 
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Figure 7.11 a) NDVI results  1985                       Figure 7.11 b) NDVI results 1995 
                                                                                             
 
Figure 7.11 c) NDVI results 2005                        Figure 7.11 d) NDVI results 2015 
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Figure 7.12 Tasseled Cap results   1985            Figure 7.12 Tasseled Cap results 1995                                                                              
     
Figure 7.12 Tasseled Cap results 2005           Figure 7.12 Tasseled Cap results 2015 
Brightness=Red, Greenness = Green, Moisture= Blue 
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7.6.2 Change Detection Map Results 
 
The change detection mapping results for the NDVI Transform changes and the GVI changes from 
the Tasseled Cap Transform are tabulated in Table 7.10. Changes from 1985 to 2015 are presented 
as percent changes of reflectance in seven change classes; no change, increases between 0 and 
33%, increases between 33% and 66 %, increases greater than 66%, decreases between 0 and 33%, 
decreases between 33% and 66 % and decreases greater than 66%. The GVI change results were 
used to verify NDVI change results. The comparison made to the results of NDVI changes and 
GVI changes between 1985 and 2015 is illustrated in Figures 7.13 a and b. The results show very 
little difference in the recorded changes between the two indices and thus serve to confirm NDVI 
change results. The highest percentage of change was for the change class of decreases from 0 to 
33%. These changes occurred throughout the entire study area. When these changes were 
evaluated in relation to the LULC changes from 1985 to 2015 no pattern was present. Figure 7.14 
compares the percent of changes by class within the study area to the percent of those changes that 
occurred within 2 Km of each pollution source. Figure 7.15 summarizes the percent of the total 
study area for each change class that occurred within 2 Km of pollution sources.  
Table 7.10 Vegetation indices change detection results 
Class Summary- 
Changes between 1985 and 
2015 
NDVI  
Percent Change 
Tasseled Cap GVI 
Percent Change 
Unclassified 0 0 
Change > + 66.667% 0.37                            0.37                            
Change > +33.333 < 66.667% 0.32                            0.36                            
Change > +0 < 33.333%     21.45                            22.31                            
No Change           0 0 
Change >-0 < -33.333% 77.11                            76.18                            
Change <-33.333 > -66.6667%     0.35                            0.40                            
 Change <-66.6667% 0.40                            0.38                            
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a)                                                                                 b) 
Figure 7.13 a) NDVI, GVI change results 0 to 33 %, b) NDVI, GVI change results > 33% 
 
The NDVI change results were clipped by the 2Km buffers of each identified pollution source. 
The percent of the changes classes that occurred within 2 Km of each pollution source and the 
percent of the total study area for each change class that occurred within 2 Km of pollution sources 
were calculated. These results are displayed graphically in the results section, Figures 7.16 and 
7.17. As both graphs show, the highest percentages of changes for all classes were those within 
2Km of state roads and petroleum tank contamination. 
 
Figure 7.14 Comparison of percent of NDVI changes in study area with percent of these 
changes within 2 Km of pollution sources 
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Figure 7.15 Percentage of NDVI change class in study area in 2 Km Pollution sources 
 
 
 
The percent of NDVI changes within the study area that occurred within; the State of Florida Area 
of Critical State Concern (CSC), SWFWMD owned lands, SWFWMD restoration sites and within 
conservation lands was calculated by change type. Figure 7.16 summaries these results. These 
results are also tabulated in Table 7.11. The highest percentages of changes for all classes were 
those within the SWFWMD lands and the Area of Critical State Concern. 
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Figure 7.16 Percentage of change type in study area in conservation lands and restoration 
sites 
 
 
 
Table 7.11 Percent of NDVI change classes 
 
Change Type 
Area of 
CSC 
Restoration 
Sites 
  SWFWMD 
Lands 
 Conservation 
Lands 
>-0 < -33.333% 26.17 0.55 30.43 4.27 
<-33.333 > -
66.6667%     0.12 0.00 0.16 0.02 
<-66.6667% 0.13 0.00 0.18 0.02 
> +0 < 33.333%     7.70 0.15 9.07 1.29 
> +33.333 < 
66.667% 0.10 0.00 0.14 0.02 
> + 66.667% 0.12 0.00 0.17 0.02 
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7.7 Statistical Analysis  
 
7.7.1 Getis-Ord Gi statistical Analysis and Geographically Weighted Regressions of LULC 
Changes 
 
Figure 7.17 shows the results of a Hot Spot Getis-Ord Gi statistical analysis conducted using the 
LULC Thematic Change Layer. For the legend, the P values and LULC changes by type were 
displayed to provide an illustration of the statistical significance of changes by type. The color 
coding for these values range from red to blue, with red showing the most statistically significant 
hot spots and blue showing the most statistically significant cold spots. As can be seen in 
Figure7.17, most statistically significant hot spots were at the periphery of the study area, outside 
of the Green Swamp Preserve.  
 Geographically weighted regressions were performed by joining all pollution source and road 
layers to the LULC changes from 1985 to 2015 and using the Object ID of the LULC layer as the 
dependent variable and the Object ID of each source as explanatory variables. This was performed 
by adding one source at a time to the regression until all sources were added. Results for these 
regressions showed no statistical significance in the relationship between LULC changes and 
pollution sources investigated. The adjusted R2 value for all sources produced negative values, 
close to zero, which indicates that the models using pollution sources has no correlation to LULC 
changes between 1985 and 2015. 
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Figure 7.17 Hot Spot Analysis LULC change 
 
 7.7.2 Getis-Ord Gi statistical Analysis and Geographically Weighted Regressions of NDVI 
Changes  
 
The Hot Spot Getis-Ord Gi analysis conducted using the NDVI Change Detection map for changes 
between 1985 and 2015 showed well discerned hot and cold areas with confidence levels of 99%, 
which correspond to standard deviations beyond -2.58 and +2.58 and p-value of 0.01. Figure 7.18 
shows the results of a Hot Spot Getis-Ord Gi analysis conducted using the NDVI Change Detection 
map for changes between 1985 and 2015. The legend summarizes the confidence levels. 
54 
 
Another Hot Spot Getis-Ord Gi statistical analysis was performed using only the NDVI decreases 
from the change detection map. The areas from the Hot Spot analysis with a 99% confidence level 
and a decrease greater than 33% were extracted from the map.   A Geographically weighted 
regression was performed by joining the petroleum tank point layer to the Hot Spot change map 
and using the z-score of the Hot Spot layer as the dependent variable and the Object ID of the 
petroleum tank layer as explanatory variables. The adjusted R2 value for this regression was 
0.777135, which indicates that this model shows a 78% probability that there is a correlation 
between the petroleum tank locations and the NDVI decreases of greater than 33% between 1985 
and 2015 that had a 99% confidence level of statistically significant clustering. This process was 
repeated by joining each pollutant source to the Hot Spot layer separately. The results of these 
regressions are summarized in Table 7.7. The adjusted R2 values for these regressions were the 
highest for petroleum tank contamination, solid waste and state roads. Combining all pollution 
sources decreased the adjusted R2 with a result of 0.48.  
Figure 7.19 shows the areas of NDVI decreases greater than 33% with a 0.5 Km buffer to enhance 
visualization of the features and the locations of all identified pollution sources. The total area of 
the 33% decreases with a 99% confidence level was 0.61 Km2 or 0.038% of the study area. 
However, it may be deduced from the regression results that neighboring areas of NDVI decrease 
with lower confidence levels of 95% may also have some correlation with their proximity to the 
pollution sources. The area of the decreases greater than 33% with a 95% confidence level was 0.6 
Km2 or 0.038% of the study area. 
 
 
 
55 
 
 
Figure 7.18 Hot Spot Analysis NDVI change 
 
 
Table 7.12- Geographically weighted regressions examining statistically significant clusters 
of NDVI decreases greater than 33% in relation to pollutant sources 
Variable  All 
Pollutants 
DEP  
Sites 
L. Q. Gen. 
Haz Waste 
S. Q. Gen. 
Haz Waste 
NDPES 
SW 
Facilities  
Petro 
Tanks 
State 
Roads 
Solid 
Waste  
Bandwidth 25291.68 7491.80 18035.14 8994.33 10779.72 5242.54 7297.51 8018.75 
Residual Squares 4545.34 2783.89 5760.09 3235.74 3826.79 1862.07 2740.17 2557.13 
Effective 
Number 
17.57 22.98 7.20 17.21 14.50 37.86 24.04 21.55 
Sigma 2.83 2.22 3.15 2.38 2.59 1.84 2.21 2.13 
AICc 2898.45 2619.27 3019.27 2697.50 2790.59 2410.08 2611.94 2566.32 
R2 0.49 0.69 0.35 0.64 0.57 0.79 0.69 0.71 
R2Adjusted 0.48 0.68 0.35 0.63 0.56 0.78 0.68 0.70 
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Figure 7.19 Hot Spots of NDVI decrease and pollution sources 
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The Hot Spot Getis-Ord Gi analyses conducted using the NDVI Change Detection map for changes 
between 1985 and 2015 to determine if there were any statistically significant clustering of NDVI 
changes in relation to the Conservation lands, SWFWMD restoration sites, SWFWMD lands and 
the Area of Critical State Concern produced varying results.  
The Hot Sport analysis of the SWFWMD restoration sites showed no statistically significant 
clustering. The only significant clustering within the conservation lands were the NDVI decreases 
previously associated with pollution sources. There was a small area of significant clustering of 
NDVI increase within the conservation lands. The portions of the study area within the Area of 
Critical State Concern and the SWFWMD lands did show some significant clustering of NDVI 
increases greater than 33% with a 99% and 95% confidence level.   
Figure 7.20 shows these areas with a 0.5 Km buffer to enhance visualization. Some of the areas of 
increase overlap between the SWFWMD lands and the Area of Critical State Concern. The 
combined total area of SWFWMD lands with a 95% or 99% confidence level that showed an 
NDVI increase of greater than 33% was 19.73 Km2 or 1.24 % of the study area. The combined 
total area of the Area of Critical State Concern with a 95% or 99% confidence level that showed 
an NDVI increase of greater than 33% was 0.25 Km2 or 0.016% of the study area. 
Most of the significant increases in NDVI values appear in the western half of the study area. There 
were no significant NDVI increases outside of the protected portions of the study area.  
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Figure 7.20 Hot Spots of NDVI increase and conservation areas 
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Chapter Eight: Discussion 
 
8.1 Field Data 
 
While the data collected in the field cannot provide information on changes that have occurred 
within the study area, these data do provide spatial information on the current conditions at the 
sample plot locations. Landcover type, the heights of water lines and moss collars on trees, 
numbers of dead trees inside the plots and the current plant and animal species observed within 
each plot have been documented. This information could be used in future research to provide 
baseline data of the conditions at these sites. Site 1, which had the highest number of dead trees 
(18 oaks) and an additional 8 dead oak trees just to the west of the plot, is located within a 2 Km 
buffer around both identified state roads and petroleum tank contamination sites. Site 7, with seven 
dead oaks and three dead pines was also within a 2 Km area around state roads and petroleum tank 
contamination. Of the nine sites with documented tree deaths, five were within 2 Km of these 
pollution sources. Water lines, moss collars and cypress knee heights averaged between inches 
25.4 to 83.82 centimeters from ground level, indicating that in the areas where these features were 
documented inundation has occurred to these levels in the past.  
8.2 Wetland Assessment Procedure  
 
The data collected by the Southwest Florida Water Management District during Wetland 
Assessment Procedure (WAP) assessments is used to monitor biological conditions at the wetlands 
assessed and changes to these wetlands due to the hydrological effects of groundwater withdrawal. 
The score assigned to each zone of the wetland is determined by observations made within a 
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wetland transect that extends from the wetland edge to the wetland interior. The transects are 
divided into three zones. The transition zone extends from the wetland edge to the NP6 marker, 
which is the elevation 15.24 centimeters below historic normal pool. The outer deep zone extends 
from the NP6 marker to the NP12 marker, the elevation 30.48 centimeters below historic normal 
pool.  The deep zone, extends from the NP12 marker to the wetland interior and is often considered 
to extend 10 meters past the staff gauge if one is present. The score assigned to each zone is based 
on the presence of appropriate or inappropriate groundcover, shrub and tree species, vegetation 
health, disturbance, observed soil subsidence and oxidation and evidence of inundation and water 
levels. The score assigned to each zone ranges from 1 to 5, with a 1 indicating poor conditions and 
a 5 indicating healthy wetland conditions (Southwest Florida Water Management District 2005).  
There was a decreasing trend from an average of 3.9 in 2005 to an average of 3.24 in 2015 for the 
WAP sites within the study area. It is notable that of the nineteen sites, the six that have an average 
score less than 3 for the period of record, five are within approximately 2 kilometers of state roads 
and petroleum tank contamination sites. Figure 8.1 shows the location of the WAP sites, their 
average scores and their proximity to identified pollution sources.  
Comparing Figure 8.1 to Figure 7.20 above, it can be seen that most of the areas with significant 
increases in NDVI values and high WAP scores are well outside the 2KM buffer of pollution 
sources. 
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Figure 8.1 WAP site locations and pollution sources 
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8.3 Classification 
 
The highest overall accuracies and kappa coefficients produced by a confusion matrix were for 
1985 and 2015. While data for all years studied have been reviewed, the classification data 
produced for 1995 and 2005 produced confusion matrix results that were not considered 
sufficiently accurate, therefore the change results using these data were not analyzed. The data on 
changes between 1985 and 2015 were considered the most reliable and have been analyzed in 
detail. This analyses are discussed in the sections below. 
8.4 Thematic Change Detection LULC 1985 to 2015 
 
The analysis of LULC changes within the study area determined that the largest percentage of 
changes for all classes occurred within 2 Km of petroleum tank contamination and state roads. 
This could be explained by the large portion of the study area that is within 2 Km of these pollution 
sources. The total study area is 1590.66 Km2. The area within 2 Km of all petroleum tank 
contamination sites is 638.53 Km2 or 40.14% of the study area. The area within 2 Km of state 
roads is 577.19 Km2 or 36.29% of the study area. To determine if there were any statistically 
significant clustering of these LULC changes a Hot Spot Getis-Ord Gi statistical analysis was 
conducted. Hot Spot analysis results for the thematic change of LULC between 1985 and 2015 
were evaluated by Z- score and P-value.  
 For a 95% confidence level the standard deviations are beyond -1.96 and +1.96. The p-value 
associated with a 95% confidence level is 0.05. At this confidence level the LULC changes that 
would not be considered random are field/pasture to built, wetland to built, forested to built, 
field/pasture to wetland and forested to wetland. However, at a 99% confidence level the standard 
deviations are beyond -2.58 and +2.58. The p-value associated with a 99% confidence level is 
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0.01. At the 99% confidence level the LULC changes that would not be random are field/pasture 
to built and wetland to built. The non-random nature of the changes from field, wetland and 
forested to built is obviously explained by the type of change being non-random, i.e., built by man.  
8.5 Change Detection - LULC 
 
Change detection results for the Neural Network classification images showed a 207% increase in 
water class pixels. The large increase in water class pixels may be due to differences in rainfall 
between the years of 1985 and 2015. In February of 1985 when this image was taken the average 
rainfall recorded by the Southwest Florida Water Management District for the Withlacoochee 
River Watershed was 3.2 cm and for February of 2015 when the 2015 image was taken the average 
rainfall was 9.27cm. Since these images were both from early in the study year, the average annual 
rainfall for the years prior may also have contributed to this change in water class pixels. The 
average annual rainfall within the Withlacoochee River Watershed for 1984 was 112.34 cm and 
the average annual rainfall for 2014 was 151.84 cm. (Rainfall Summary Data by Region, 
Southwest Florida Water Management District, 2017).  
8.6 Change Detection - Vegetation Indices  
 
The results of the NDVI change detection analysis related to proximity to pollution sources show 
that the highest percentages of changes for all classes were those within 2 Km of state roads and 
petroleum tank contamination. As discussed above, this could be explained be the large portion of 
the study area that is within 2 Km of these pollution sources.  
The NDVI change detection analysis of conservation and restoration lands showed that SWFWMD 
lands and the State of Florida Area of Critical State Concern had the highest percentage of area of 
all changes classes. This is likely due to the large percentages of the study area these areas cover. 
The Area of Critical State Concern that is within the study area is 546.29 Km2 or 34.34% of the 
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study area. The SWFWMD lands within the study area are 638.70 Km2 or 40.15% of the study 
area. 
To determine if there were any statistically significant clustering of the NDVI changes, Hot Spot 
Getis-Ord Gi statistical analyses were conducted. The Hot Spot analysis performed using only the 
NDVI decrease values determined hot spots of vegetation decline. The results from this analysis 
were used to perform geographically weighted regressions to determine if any of the statistically 
significant clustering of NDVI decrease could be correlated with their proximity to the pollution 
sources. These regressions did produce statistically significant results.  
The adjusted R2 values for these regressions were the highest for petroleum tank contamination at 
0.78, solid waste at 0.70 and state roads at 0.68. Combining all pollution sources decreased the 
adjusted R2 with a result of 0.48. These results suggest a possible correlation between pollution 
sources and vegetation decline. Hot Spots associated with NDVI increases greater than 33% were 
found within the Area of Critical State Concern and the SWFWMD lands and suggest a possible 
correlation between increases in vegetation health and conservation efforts. 
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Chapter Nine: Conclusions and Recommendations 
 
The goal of this research was to provide concisely presented baseline data on the conditions in the 
Green Swamp, document changes that have occurred within the study area and provide an 
evaluation of these changes in relation to human activity. The expected results of this analysis 
were the determination of what changes have occurred in land cover, vegetation health and water 
quality within the study area between 1985 and 2015 and the identification of anthropogenic 
activities that may have contributed to these changes. 
The field observations made for this research documented current conditions at thirty sites within 
the study area, which included LULC and vegetation health. Of nine sites with documented tree 
deaths, five were within 2 Km of petroleum tank contamination sites and state roads, along with 
other pollution sources. Soil core samples were taken and photographed to document soil 
conditions at all sites, but no soil chemistry analysis was conducted. Analysis of the soil chemistry 
at these sites may provide further information regarding the relationship between excessive tree 
deaths, such as at Site 1 and proximity to the identified pollution sources.  
An evaluation of the Wetland Assessment Procedure (WAP) data collected by the Southwest 
Florida Water Management District from 2005 to 2015 shows a decline in overall wetland health 
during this period. For the six sites which had historically low scores for all years data were 
collected, five were within 2 Km of petroleum tank contamination and state roads. However, there 
are also numerous other pollution sources that are clustered near the petroleum tank contamination 
sites, such as solid waste facilities and DEP cleanup sites, therefore it cannot be stated with 
certainty which pollution sources may be contributing to poor wetland health in these areas.  
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Analysis of water sample and soil sample chemistry taken from these sites may provide further 
information on the conditions leading to poor wetland health at these locations.  
The LULC changes from 1985 to 2015 that produced statistically significant clustering results 
were those changes from field, wetland and forested to built. The majority of these changes were 
at the periphery of the study area, outside of the Green Swamp Preserve and appear to be the result 
of human activity, such as the expansion of residential and commercial areas. These changes 
represent a 34.40% increase in built environment within the study area during this period. There 
were no statistically significant results correlating LULC changes with proximity to any of the 
identified pollution sources.  
Analysis of NDVI changes from 1985 to 2015 showed statistically significant clustering of 
increases and decreases in reflectance greater than 33% within the study area. Geographically 
weighted regressions to analyze correlation between NDVI decreases and identified pollution 
sources showed a possible correlation between decreases in vegetation health and proximity to 
petroleum tank contamination and also possible correlation between these decreases and solid 
waste facilities, DEP cleanup sites and state roads. The largest areas of NDVI increases greater 
than 33% were in SWFWMD acquired lands, followed by areas in the Area of Critical State 
Concern and a small area of the conservation lands. There were no areas of statistically significant 
clustering of NDVI increases greater than 33% outside of the protected lands. While it cannot be 
said with certainty that the areas of increased vegetation health and density are correlated to 
protection and conservation efforts, these increases in vegetation health could be due to these 
efforts. Further research is suggested to confirm these results. 
The results of this study suggest that petroleum tank contamination may be correlated to adverse 
changes such as decline in wetland health and decrease in vegetation health. However, since many 
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of the pollution sources identified are located near each other, these sources cannot be ruled out as 
contributing to these declines. 
This report represents preliminary research on the health of the Green Swamp. Data collected 
during field observations can be used as a baseline from which future changes can be assessed. 
Future suggested research includes a more in depth analysis of SWFWMD water quality data, 
including all constituents recorded for surface water and groundwater, as only four main 
constituents were examined for this research. It is suggested that samples be collected of benthic 
macroinvertebrate and fish in order to analyze and document community structures, presence of 
deformities and abnormal blood chemistry in fish populations to provide baseline data on these 
parameters from which future changes can be measured. Baseline data on the process of emergence 
of dormant plant seeds and invertebrate eggs could also be collected to provide a reference for 
comparison in longitudinal studies. More extensive statistical analysis of LULC and vegetation 
health changes are also suggested, as this preliminary analysis covered only a small portion of 
possible statistical research of these data.  
This research is replicable for the study of the effects of anthropogenic activity on other wetland 
ecosystems, both here in the U.S. and around the world. It also contributes to the scientific 
literature on the practical application of environmental science and spatial analysis. 
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Appendix A 
 
The tables below provide a summary of the data collected at each sample plot location by site. 
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Photographs of each quadrat for each sample plot and a soil core sample taken from the center of 
each plot. 
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